The static synchronous series compensator (SSSC) showed fast speed of adjustment, and good compensation ability. It will be used in electric system more and more in future. In this paper, the second current and recovery voltage, power frequency overvoltage and switching overvoltage of the accessing line with SSSC were simulated and analyzed. And when there was single-phase to ground failure on the line, the impacts on SSSC were also analyzed. In conclusion, the impact of SSSC on the electro-magnetic of the accessing system and protection measures were given.
INTRODUCTION
With the increase of the scale of interconnected power grid, the complexity of ac power grid is increasing, and more ring network systems are formed. So the control problem of power flow is more complicated and difficult. Some FACTS devices, such as unified power flow controller (UPFC) and SSSC, have the ability of fast regulation and widely compensation. In China, the 220kV UPFC demonstration project has been running smoothly in Nanjing Jiangsu. The 500kV UPFC and 220kV SSSC demonstration project are in steady progress. Literatures published focused on the accessing system, main circuit topology, control and protection strategy [1] [2] [3] [4] , and so on. Overvoltage and electromagnetic transient characteristics is rarely involved. The influence of SSSC on the electromagnetic to the accessing system was analyzed. And when there was single-phase-to-ground fault, the SSSC protection measures were also taken out, providing reference for safe run.
OVERVIEW OF SSSC
SSSC is connected to the system via a series transformer. It can be equivalent to a synchronous voltage source in series in the line, as shown in Figure 1 . SSSC can control the line flow by injecting a voltage, which is orthogonal to the line current and the amplitude can ___________________________ The paper was based on 500kV typical system, with the line length 140km. SSSC was connected to the system via a series transformer. It was between the 500kV line breaker and line. The second winding is connected to the converter. And the connection was Y and the neutral point was direct grounding. The capacity of SSSC was 30Mvar, and the transformer ratio was 10kV/23kV.
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Second Current and Recovery Voltage
In order to improve the reliability of power supply, single-phase reclosing technology is widely used. The single-phase-to-ground fault was isolated from the system, by both side of the circuit breakers trip. Due to the coupling between the phase-to-phase inductance and the capacitance, there is still a certain value of current to ground, called the second current. As the current is in a form of arc, it is also called second arc. When the arc is turned off instantly, due to the coupling between phases, there is recovery voltage on arc path. The voltage increases the difficulty of automatic extinguishment on fault point. And it may bring reclosing failure.
(1) The influence of fixed series capacitor on the second current and recovery voltage Some high-voltage lines are installed with fixed series capacitor to increase power flow. If single-phase-to-ground occurs on the line, but the short-circuit current through the series capacitor is small. Then the MOV current and energy are small also, the spark may not act, and the capacitor is still on the line. If there are no other measures, the bypass breaker of series capacitor doesn't act. The residual charge on the series capacitor is discharged though a low frequency oscillation circuit (shown in Figure 2 ), which is consisted of series capacitor, high-voltage reactor and resistance of arc path on short-circuit point. The transient part of the second current significantly increased. So the extinguishing time of the second current was extended, adversely affecting single phase reclosing.
For the system described in Chapter 2, and there is fixed series capacitor. If there was single-phase-to-ground on the line, then the line breaker tripped. As shown in Figure 3，after 0.5s since the breakers tripped, the amplitude was about 97A, causing the self-extinguishing time longer. In addition, there was a frequency of about 5Hz low frequency oscillation components in the second current waveform. The presence of the low frequency transient component causes the number of zero passages of the second current decreasing. In order to speed up the current attenuation, the common measure is the line breakers and series capacitor bypass switch linkage. (2) The influence of SSSC on the second current and recovery voltage If single-phase-to-ground fault occurred on the line with SSSC installed(shown in Figure  4 ), after both sides of the line tripped, the SSSC was blocked by control system. After the fault was cleared, the SSSC will be restarted.
As shown in Figure 5 , 0.5s after line breaker tripped, the amplitude of the second current was 42A. The value was obviously lower than the fixed series capacitor case. The above case is the same with the line without series capacitors. 
Power Frequency Overvoltage by Load Rejection
In power system, the power frequency overvoltage study generally consider normal power supply load rejection load rejection and the load rejection with single-phase-to-ground fault. There are some factors that affect the power frequency overvoltage, mainly the load of line before load rejection, the power supply capacity, and the line length and so on.
When the load rejection happens on the line with SSSC, the common measure of SSSC was blocking the converter and closing the bypass breaker. The following analysis was combined with different load rejection conditions.
(1) The load rejection without ground fault If there is no SSSC on the line, when the load rejection without ground fault happened on the end of the line, the amplitude of power frequency overvoltage was 1.01p.u. If there is SSSC on the line, when the load rejection happened, the control system will block the converter temporarily. As the series transformer of SSSC didn't bear overvoltage or overcurrent, there was no need to close the bypass breaker. The series transformer could be running in the system.
(2) The load rejection with single-phase-to-ground fault If there is no SSSC on the line, when the load rejection with single-phase-to-ground fault happened on the end of the line, the amplitude of power frequency overvoltage was 1.29p.u.. If there is SSSC on the line, when the load rejection happened, the control system will block the converter temporarily. But now because of the short circuit current, there was high overvoltage on the series transformer. In order to protect the series transformer, blocking converter and losing bypass breaker were adopt. 
Closing No-Load Line Overvoltage
In power system, closing no-load line is a planned operation. So when there was SSSC on the line, the proper operating mode was that first closed the bypass breaker of SSSC, then closed the no-load line. That is to say, when closing no-load line, SSSC was not on the line.
It can be seen that SSSC had no effect on the switching overvoltage by closing no-load line.
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The single-phase-to-ground fault is a common fault in the power system. When the fault occurs, the phase with no-fault voltage will increase, due to the coupled electromagnetic coupling.
Taking the above typical system as an example, a single-phase-to-ground fault happened on the line near the converter. The fault occurred at 1.0s, and the phase was A, and the duration was 0.5s, and the grounding resistance was 0.5Ω.
After the single-phase ground fault occurred, the power frequency overvoltage of no-fault phase B and C appeared. The voltage recovered after the fault disappeared. And the power frequency overvoltage was about 1.3p.u.. For 220kV equipment, it can meet the power frequency insulation requirement.
Because the primary winding of series transformer was in series in the line, the large short-circuit current flows through the series winding. It caused a large over-voltage rise. To protect the transformer, the arrester across the series winding was essential, with the rated voltage of 30kV. In the above conditions, the voltage between the primary winding of the transformer was shown in Figure 7 . The highest peak voltage was 60.5kV, which was in the insulation requirement. Therefore, when considering the parameters of the arrester between the primary winding of the series transformer, the single-phase-to-ground condition should be considered.
CONCLUSION
In this paper, the influence of SSSC device on the electromagnetic transient problem of access system and the influence of access system failure on SSSC device are analyzed and the conclusions are as follows:
(1) Compared to the fixed series compensation, when single-phase ground fault occurs, the discharge phenomenon didn't appear. And the SSSC has no effect on the second current and the recovery voltage due to the protection of the SSSC itself. (2) In order to suppress the load rejection frequency overvoltage, SSSC took the following measures. For load rejection conditions with no-fault, SSSC only need to block the converter. For load rejection conditions with single-phase-to-ground fault, SSSC need to block the converter and close the bypass breaker.
(3) When the SSSC device is not engaged, the SSSC has no effect on the overvoltage operation of closing no-load line.
(4) The impact of single-phase-to-ground fault on the series transformer was great, and arrester configuration should consider this condition.
